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RELATIVE LOADING ON BIPLANE WINGS OF UNEQUAL CHORDS 



SUMMARY 



It is sliown that the lift distribution jor a biplane with 
unequal chords may be calculated by the method devel- 
oped in N.A. Q.A. Technical Report No. 458 if corrections 
are made for the inequality in chord lengths. The 
method is applied to four cases in which the upper chord 
was greater than the lower and good agreement is obtained 
between observed and calculated lift coefficients. 

INTRODUCTION 

In reference 1 it was shown that for conventional 
biplane arrangements the lift coefficient for the upper 
wing is given by 

0 Lu =C L ±AC Ln (1) 
and the lift coefficient for the lower wing by 

C Ll -C l ±AC Ll (2) 

where Qj. is the biplane lift coefficient and A(7 i(7 aad 
AOl l are ttft coefficient increments for the upper and 
lower wings, respectively. It was also shown that 
AO Lv and AG Ll are connected by the relation 



By Walteb S. Diehl 

In the discussion that follows the symbols used will 
be the same as in reference 1. 



AC LL =-AO Lrr X^ 



Lu S L 



(3) 



where Sa and S L are the areas of the upper and lower 
wings, respectively. 

AC Lj j is given by an equation of the form 



(4) 



where the constant K x is a function of gap, chord, wing 
thickness, stagger, decalage, and overhang and the 
constant K t is a function of stagger, gap, chord, span, 
decalage, and overhang. Equations and charts in 
reference 1 enable the determination of K x and K t for 
any biplane with equal chords. Application of this 
method to biplanes with extreme differences in chords 
and spans has indicated considerable discrepancies 
between the calculated and observed values. A further 
study of the problem in the light of some rather 
limited test data indicates that a simple correction 
for the ratio of the wing chords will bring the calculated 
and experimental values into excellent agreement and 
that a chord correction should therefore be incorpo- 
rated as an integral part of the general method. 
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THE EFFECT OF WING CHORD ON K, 

When there is no stagger, decalage, or overhang the 
value of K x in equation (4) is a function of the ratio 
of wing thickness to gap. This basic value of K x may 
be designated K 10 . It is due principally to the restric- 
tion in area which increases the velocity and decreases 
the static pressure between the wing3. The curve of 
Kio against the ratio of wing thickness to gap given 
in figure 1 is the same as figure 9 of reference 1. This 
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Fioube 1.— Effect of wing thickness and gap on K t at sero lift and rem stagger for 
equal chords. 

curve was based on biplanes of equal chords but it 
will apply to any biplane if the thickness of the lower 
wing is used in determining the ratio t/Q and if the 
necessary correction is made to transfer the coefficient 
to the upper wing. 

The first condition is met by using the gap-chord 
ratio referred to the chord of the lower wing, so that 



<?~C) : CD' 



The transfer on the coefficient basis requires division 
by the ratio of areas, lower to upper (SJS n ) since by 
definition the C L for the cellule is so adjusted between 
the individual values. This means, however, that the 
correction must be made on the basis of the relative 
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chords since the value of K 10 assumes no overhang. 
Consequently, to find the value of K ia for a biplane 
having upper and lower chords of c v and c L , read the 
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Fioube 2.— Effect of stagger on Ki tar equal chords. 

value of AKi from figure 1 and correct according to the 
ratio of the chords, or 

(5) 



The effect of stagger on K x may be designated K n 
and it is given in figure 2 by the curve of AKTi/« as a 
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The value of K n is then given by 
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Fionas 3— Effect of decalage on Ki for equal chords. 
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function of t/G or the ratio of thickness to gap. The 
curve of figure 2 is the same as that of figure 10 in 
reference 1 and is based on biplanes of equal chord. 
It may be applied to any biplane if the value of t/O is 
based on lower wing thickness and a chord correction 
is made as in the calculation of K 10 . The stagger 
should be measured between the % chord points at 
zero lift and referred to the chord of the lower wing. 



(6) 



where 8 is the stagger in terms of the chord of the 
lower wing. 

The effect of decalage on K x varies with gap-chord 
as shown by figure 3, which is the same as figure 17 of 
reference 1. This curve is based on biplanes with 
equal chords but it may be applied to any biplane if 
the chord correction is-used. As before, a chord cor- 
rection is equivalent to an area correction since the 
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Fioube 4.— Effect of overhang on K\ for biplanes with equal chords. 

effect of overhang is separated. Denoting the effect 
of decalage on K x by 2jT u it is found by 



(!) 



where —~ is read from figure 3. 

The effect of overhang on K x may be denoted by K u . 
In figure 21 of reference 1, contour curves were given 
of Ki against overhang. These curves were to be used 
by entering at zero overhang with the value of K x 
obtained by adding K X0 +K XX +K X3 and passing along 
the appropriate contour to the desired overhang. In 
this manner the value of K 13 was not determined 
directly. Since K X3 is subjected to the same chord 
correction as the preceding factors, it is desirable to 
replot the data as in figure 4, giving the value of K X3 
directly. For any biplane the value of K 13 is then 
obtained from 



iS.-AK,x[£j 



(8) 
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The final value of K x is now obtained by addition of 
the four factors 



K\ = -fiTio + Ku + -Su + Kjz 
THE EFFECT OF WING CHORD ON K, 



(9) 



The basic value of K 3 in equation (4) is determined 
by stagger. For biplanes with individual wings of 
aspect ratio 6 and equal chords, zero decalage and no 
overhang it was shown in reference 1 that 



K» = 0.050 + 0.170) 



(10) 



The influence of aspect ratio and gap-chord ratio is 
combined in a factor F 2 which may be read from figure 
5. Figure 5 is the same as figure 12 in reference 1. 
In fin din g F 2 the gap-chord ratio should be based on 
the lower wing. 

The effect of decalage on K% may be denoted by K 31 . 
In reference 1 it was shown that for the equal chord 
biplane 

+0.0186 5° » (12) 

where 5 is the angle between the zero lift lines of the 
wings, considered positive when these intersect for- 




2.00 



Lower- wing chord c L 



Fioobe 6.— Effect of aspect ratio on Ki lor equal chords. 



To apply this equation to any biplane the stagger 
should be measured between the % chord points at 
zero lift and referred to the chord of the lower wing 
c L . The basic value of Km should then be multiplied 
by the chord ratio or 



so 



0.050 + 0.17 



X 



(11) 



The effect of stagger on K-n varies with the aspect ratio 
of the individual wings and with the gap-chord ratio. 



ward of the leading edge. When the chord lengths 
differ K 31 should be corrected accordingly, to give 



JBT ai = 0.0186 «°x|j|] 



(13) 



In reference 1 the effect of overhang on K 2 was 
given for the equal-chord biplane by figure 21 which 
consisted of a series of contour lines of K* plotted 
against overhang. To use these curves it was neces- 
sary to find K 2 = (Ft xKio) +Kn for zero overhang and 
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passing along this contour to the desired overhang. 
The actual value of the effect of overhang which may 
be denoted by was not directly determined. Since 
Km is subjected to the same chord correction as the 
previous factors, it is desirable to replot figure 21 of 
reference 1 so that can be read directly, as in 




Overhang 7. = 100 (b„-bj.) /b a 6„ > bj, 

•= 100 (b„- bj) /b L b a <b L . 

Fioukb 6.— Effect of overhang on Ki for equal chords. 

figure 6. For any biplane the value of is obtained 

by 

£T 22 = AZ 2 x[^J (14) 

where AK 3 is the overhang correction for equal chords 
as read from figure 6. 

The value of K 2 in equation (4) is then obtained by 
addition of the three corrected terms 

^=[P,XftJ+^+Bii (15) 

COMPARISON OF CALCULATED AND OBSERVED DATA 

Available load distribution tests on biplanes with 
unequal chords are limited to four cases. Reference 
2 reports tests on a biplane having the following 
characteristics: 



Upper wing: span b v = Z6 inches, chord c y = 6 
inches 

Lower wing: span &x,=24 inches, chord Cr,=4 
inches 

Gap: (?=4K inches, section R.A.F. 15 
Stagger 20° on leading edge at a = 0°, or 1.12 
inches between % chord point at zero lift. 

Overhang = 36 ~ 24 ~ 0.33 

From the above: 



36 



= 0.28 



_f LL? 
Ci = 4.0 

^=0.070 £ 
c 0 " 2, 

From figure 1 and equation (5) 

2 



2 "1.125 
c L 4.0 



0.070 
"1.125 1 



■ 0.062 



K I0 = - 0.005 X-5= -0.0033 



From figure 2 and equation (6) 
AJ5T, 



■0.010 K n ' 



0.010X0.28Xg* 



+ 0.0019 



K n = 0 

From figure 4 and equation (8) 

AZi- -0.025 K 13 = (-0.025) x|= -0.0167 

Hence K x = - 0.0033 + 0.0019-0.0167 = - 0.018 
From equation (11) 

E» - [0.050 + (0.17 X 0.28)] X | - 0.065 

From figure 5, F 2 <=0.90 

F 3 XK a = 0.90X0.065 = 0.058 Z 2l = 0 

, From figure 6, A£l s = 0.096 

From equation (14), 0.096 x| = 0.062 

Hence, £2 = 0.058 + 0.062 = 0.120 
and 

A(7 ic ,= -0.018 + 0.120 C L (16) 

The test data are as follows: 

Angle of attack 

a -4.25° 

Upper wing 

Cxa— -.122 
Lower wing 

C Nl ... -.076 
Biplane 

Cs 108 

ACs 0 —- -- 014 

These values of AO Nu are plotted against 0 N on 
figure 7. Two points calculated from equation (16) 
are given on figure 7 and it will be noted that the 
agreement is satisfactory. The equation of ACn v from 
the experimental data is AO Nu a —0.007 + 0.106 Ou 
which may be compared with equation (16). 

Reference 3 reports tests on a biplane differing from 
the one preceding only in the overhang, the spans being 
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equal in this case. The aspect ratio for the upper wing 
was 6, for the lower wing 9, average 7.5. 
iT I0 = —0.0033 as for first arrangement. 
K u = +0.0019 as for first arrangement. 
Kia = 0 (no decalage). 
Z£is = 0 (no overhang). 
:.K X =-0.0014. 
1^20=0.065 as for first arrangement. 
From figure 5, .^ = 0.73. 

F, X Km = 0.73 X 0.065 = 0.0475. 
K n = 0 (no decalage). 
Kn = 0 (no overhang). 
:.K 2 =0.048. 

and 

AO Lv = - 0.0014 + 0.048 Cv (17) 
The test data obtained are as follows: 

Angle of attack 

a -4° 0° 4° 8° 12° 16° 

Upper wing 

C Nv -0. 098 +0. 174 0. 438 0. 696 0. 968 L 056 

Lower wing 

Cn l 074 +. 170 . 112 . 618 . 818 . 946 

Biplane 

C N -. 088 +. 173 . 428 . 665 . 908 L 012 

ACivy— . -.010 +.001 .010 .031 .060 .044 

These values of AG Na are plotted against Gh on 
figure 8. The equation of the line through the test 
points is AGt? v = -0.006 + 0.054 G N which should be 
compared with equation (17). The agreement is again 
satisfactory. 

Two special biplane tests have been made at 
Wright Field by the Army Air Corps and reported in 
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-.20 O .20 .40 .60 .80 LOO 
Biplane normal force coefficient, C N 
Figure 7.— Biplane test R. & M. 997, Br. A.E.C. 



1.20 



reference 4. The biplane used in the first test had the 
following characteristics: 

Upper wing: span 6^ = 36 inches, chord <v= 
6 inches. 

Lower wing: span i L = 18 inches, chord c L = 
3 inches. 

Gap: G-=4c]i inches, wing section Clark T. 
Stagger 3.63 inches measured on L.E. at a=0° or 

3.06 inches measured between % chord points at 

zero lift. 

Overhang « - 0.50, 



From the above data: 
1.02 



= 0.117 



8 ^3.06 
Cz.^3.0 

I 
c 

Ci = l 

Cj, = 2 

From figure 1 and equation (5) 

Ki 0 = ~ 0.009 X % = - 0.0045 
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Biplane normal force coefficient, 

Figubk 8.— Biplane test R. & M. 1098, Br. A.R.O.— no overhang. 
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From figure 2 and equation (6) 

=^--0.017 K n =0.017 X1.02XK= +0.0087 

(£) 

i?i 2 = 0 (no decalage) 

From figure 4 and equation (8) 

AKi - -0.0170 K 13 = -0.0170 X# = -0.0085 

Hence K, = - 0.0045 + 0.0087 - 0.0085 = - 0.0043 
From equation (11) 

En = [0.050 + (0.17 X 1.02)] X K = + 0.112 

From figure 5, ^ = 0.67 

Fi XK3o= 0.67X0.1 12 =+0.075 K n = 0 

From figure 6, AK 2 =- 0.064 
From equation (14) .K22 = 0.064 X K = 0.031 
Hence, K t = 0.075 + 0.031 = 0.106 
and 

AO Lu = -0.0043 + 0.106 0 L 
From equation (3) 

AC ii = +0.0172-0.424 G L 

The report tabulates the lift coefficients at two 
points only. These are compared with the calculated 

values below. From test 

Upper wing G Lv . 1. 096 0. 135 
Lower wing G Ll - 0. 618 



(18) 
(19) 



Calculated 

1. 102 0. 131 



Biplane G L 1. 000 

AG Lu 0.096 



Ratio G= 



'07 



1.77 



0. 081 
0. 122 

0. 013 

1. 67 



0. 593 
1.000 
0. 102 

1.86 



0. 087 
0.122 
0. 009 

1.50 
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The biplane used in the second test reported in 
reference 4 had the following characteristics: 

Upper wing: span 6^=36 inches, chord c n =6 
inches 

Lower wing: span b L =18 inches, chord Ct=3 
inches 

Gap: 6=4:% inches, wing section Clark Y 
Stagger 0 measured on LJE. at a ^O 0 ,— 0.47 inch 
measured between % chord points at zero lift. 

Overhang ~ 36 ~ 18 -. 0.50 

From the above data: 

a 0.47 6 4.5 

^To = -°- 16 £ = 0 =1 - 5 



-=0.117 
c 



6" 1.5 2 



From figure 1 and equation (5) 

K n = - 0.009 X%=- 0.0045 

From figure 2 and equation (6) 
AKi 



= 0.017 -K„ = 0.017 X (-0.16) X# = -0.0014 



E 10 +Kii= -0.0059 



2f u =0 (no decalage) 
From figure 4 and equation (8) 

AKi = — 0.012 Z", 3 =-0.012XK= -0.006 

Hence, 22i = -0.0045 - 0.0014 - 0.006 0.012 

From equation (11) 

Ka = [0.050 + 0.17« ( - 0.16)] X % = + 0.0114 
From figure 5, J" 2 = 0.67 

2^X^0=0.67X0.0114=0.008 
K 2l = 0 (no decalage) 
From figure 6 and equation (14) 



.2^ = 0.100 X±-=0.050 



Hence, 
and 



A2T 2 = 0.100 

Ki = 0.008 + 0.050 = 0.058 



(20) 



AC £l7 » -0.012 + 0.058 G L 

From equation (3) 

AC LL = + 0.048 - 0.232 C L (21) 

The report tabulates the lift coefficients at two 
points only. These are compared with the calculated 
values below: 



From test 

Upper wing C Lu . 1.025 . 0.110 
Lower wing C Ll . 0. 776 0. 126 

Biplane C L 0. 985 0. 113 

LC Lv 0.040 -0.003 

Ratio (7=7^ _. 1.32 0.87 
CONCLUSIONS 



Calculated 

1.031 
0. 806 
0. 985 
0. 046 



0. 108 
0. 135 
0. 113 
-0. 005 



1. 28 



0. 80 



Based on the limited test data available, it is con- 
cluded that the relative loading of any biplane having 
equal or unequal chords, is given with satisfactory 
accuracy by the method outlined in this report. As 
applied, the niethod has considered only the normal 
case of the unequal chord biplane in which c v ^>c L . It 
would be desirable to have some lift-distribution data 
for cases in which CxjKc l . 

The greatest need, however, is for a series of tests to 
determine more exactly the effect of overhang as given 
on figures 4 and 6. While these curves have been 
prepared with care, they are based on four arrange- 
ments only and the extrapolation is subject to con- 
siderable error. 

As pointed out in reference 1, it is also desirable that 
special tests be made to determine more accurately 
the curves of figures 1 and 2, giving the effect of wing 
thickness and stagger on the value of K t for an 
orthogonal biplane. 

In any future tests the data should extend to maxi- 
mum negative lift. 



Bureau of Aeronautics, 
Navt Department, 
"Washington, D.O., May 18, 1934. 
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